Reducing inappropriate antibiotic prescribing is currently a global health priority. Current guidelines recommend against antibiotic treatment for acute uncomplicated bronchitis. We studied antibiotic prescribing patterns for uncomplicated acute bronchitis and identified predictors of inappropriate antibiotic prescribing. We used the Epic Clarity database (electronic medical record system) to identify all adult patients with acute bronchitis in family medicine clinics from 2011 to 2016. We excluded factors that could justify antibiotic use, such as suspected pneumonia, COPD or immunocompromising conditions. Of the 3616 visits for uncomplicated acute bronchitis, 2244 (62.1%) resulted in antibiotic treatment. The rates of antibiotic prescribing were similar across the years, p value for trend = 0.07. Antibiotics were most frequently prescribed in the age group of 18-39 years (66.9%), followed by the age group of 65 years and above (59.0%), and the age group of 40-64 years (58.7%), p value < 0.001. Macrolides were significantly more likely to be prescribed for younger adults, while fluoroquinolones were more likely to be prescribed for patients 65 years or older. Duration of antibiotic use was significantly longer in older adults. Sex and race were not associated with antibiotic prescribing. Our findings highlight the urgent need to reduce inappropriate antibiotic use for uncomplicated acute bronchitis, particularly in younger adults.
Introduction
Reducing inappropriate antibiotic prescribing is currently a global health priority. The 2015 United States National Action Plan for Combatting Antibiotic Resistant Bacteria set a goal to reduce inappropriate antibiotic use by 50% in outpatient settings, where the majority of antibiotic prescriptions occur [1] . Of the 47 million inappropriately prescribed antibiotics annually in outpatient settings, approximately 34 million stem from acute respiratory infections, therefore, targeting these infections is at the center of this reform movement [2] [3] [4] . Adhering to treatment guidelines for acute bronchitis could eliminate 7.8 million unnecessary prescriptions annually [2] . As over half of unnecessary prescribing for bronchitis occurs in adult patients, the adult population is a key target of antibiotic stewardship efforts for acute bronchitis [2, 3] .
As per guidelines from the American College of Physicians and American Academy of Family Physicians, antibiotic treatment is not indicated for uncomplicated acute bronchitis [5, 6] . Antibiotic treatment for acute bronchitis may be appropriate in patients with chronic lung disease (e.g., chronic obstructive pulmonary disease (COPD), or emphysema), or patients who have a higher risk for pneumonia (e.g., immunocompromised) [7] . Previous studies indicated that 65-71% of acute bronchitis visits have inappropriately resulted in antibiotic prescriptions [8, 9] . These previous studies used survey data to estimate the burden of inappropriate antibiotic use between the years of 1996-2010 [8] and 2010-2011 [9] . Our study adds to the previous literature by studying more recent antibiotic prescribing patterns for uncomplicated acute bronchitis using electronic medical records data from 2011 to 2016, and by excluding factors that could justify antibiotic use such as suspected pneumonia (e.g., chest X-ray orders or abnormal vital signs) or immunocompromising conditions. We also explored the duration and type of antibiotics inappropriately prescribed in primary care settings as well as the relationship between patient characteristics and antibiotic prescribing for acute bronchitis.
Results
Our study included 3616 visits representing 3134 unique patients over the period of 2011-2016. Most of the visits for uncomplicated acute bronchitis were made by the age group 40-64 years (Table 1) . Of the 3616 visits, in 2244 (62.1%) an antibiotic was prescribed. Of the 1469 excluded visits with a chest X-ray, 961 (65.4%) resulted in antibiotic treatment. Broad-spectrum antibiotics accounted for 97.8% of all antibiotic prescriptions. Macrolides (mostly azithromycin) were prescribed in 87.0% of all prescriptions, followed by amoxicillin-clavulanate (5%), fluoroquinolones (3.3%), and amoxicillin (2.3%). The remaining 2.3% of antibiotics included trimethoprim-sulfamethoxazole, cephalosporins, and clindamycin. The mean duration in days of prescribed azithromycin was 5.1 (standard deviation (SD) 0.6). The mean duration in days of amoxicillin-clavulanate prescription was 9.8 (SD 1.0).
The rates of antibiotic prescribing for bronchitis were similar across the years, p value for trend = 0.07 (Table 1) . Antibiotics were most frequently prescribed in the age group of 18-39 years (66.9%), followed by age group 65 years and above (59.0%), and age group 40-64 years (58.7%), p value < 0.001 (Table 2 ). The mean duration in days of prescribed antibiotics was 5.7 (SD 1.7) in the age groups of 18-39 years, 5.9 (1.8) in the age group of 40-64 years and 6.0 (1.9) in the age group of ≥65 years (p value = 0.02). Macrolides were more likely to be prescribed for younger adults, while fluoroquinolones were more likely to be prescribed for older patients (≥65 years). Duration of antibiotic prescription was significantly longer in older adults Sex was not associated with antibiotic prescribing in the logistic regression analysis (OR 1.0, 95% CI 0.9-1.2). Race was also not associated with antibiotic prescribing in the logistic regression analysis (p value = 0.6).
Discussion
In our study, antibiotics were commonly prescribed for uncomplicated acute bronchitis in patients visiting family medicine clinics, despite evidence-based guidelines recommending against this practice [5, 6] . The antibiotic prescribing rate for bronchitis was similar over the six-year study period (2011) (2012) (2013) (2014) (2015) (2016) . Most visits for uncomplicated acute bronchitis were made by middle-aged adults (40-64 years), but antibiotic prescribing was the highest in younger adults (18-39 years). These findings highlight the urgent need to reduce inappropriate antibiotic use for bronchitis in primary care, particularly in younger adults. Additionally, older adults, who are at particular risk of adverse effects of fluoroquinolones, such as tendon rupture [10] or QT prolongation [11] , were more likely to receive fluoroquinolones, highlighting a need to educate primary care providers on the potential for serious side effects from fluoroquinolone use.
Earlier studies showed that antibiotic prescribing for acute bronchitis is common in primary care [8, 9] . In a recent United States (U.S.) study using national surveillance data, bronchitis and viral pneumonia had the highest inappropriate antibiotic prescribing compared with other respiratory infections among adult patients presenting in emergency departments [12] . Between 2001 and 2010, utilization of antibiotics for acute respiratory infections remained stable in adult patients aged 20-64 years [12] , a finding consistent with our lack of change in prescribing rates over the 5 years of our study. To our knowledge, our study is the first study in the U.S. to report that younger adults (18-39 years) had disproportionately high receipt of antibiotics for uncomplicated acute bronchitis. Studies performed in Spain [13] and Ireland [14] also documented higher rates of outpatient antibiotic prescribing for respiratory tract infections in younger adults.
A limitation of our study is that it was conducted in private family medicine clinics with predominantly white population with private insurance. Therefore, our findings may not be representative of the overall U.S. population. Another limitation is that we performed a database study and not a manual chart review, thus we could not review patient symptoms documented in free text that may have influenced antibiotic prescribing decisions.
Our study adds to the previous literature by examining more recent data (2011-2016) and by excluding factors that could justify antibiotic use such as suspected pneumonia (e.g., chest X-ray orders or abnormal vital signs), presence of immunocompromising conditions, and additional diagnosis for which antibiotics might be indicated. Furthermore, our study adds information on antibiotic choice, and duration of antibiotics prescribed, and the relationship between patient characteristics and antibiotic prescribing. We found that young, healthy adults are more often treated with antibiotics for acute bronchitis, despite the national guidelines recommending against this practice. Therefore, this group represents an important target for antimicrobial stewardship.
Our findings call for implementation of strategies to reduce inappropriate antibiotic use in adult patients with acute bronchitis. Implementation of a decision support strategy for acute bronchitis reduced the overuse of antibiotics in a recent cluster-randomized trial in primary care [15] . Other proposed strategies for reducing antibiotic prescribing in outpatient settings included provider and patient education, delayed prescribing, and prescribing restrictions [16] . Inappropriate antibiotic prescribing for acute respiratory infections was reduced after clinicians displayed a poster in the examination room that included a letter from the clinician to their patients committing to prescribing antibiotics appropriately [17] . In conclusion, despite national attention to the problem of antibiotic overuse, unnecessary antibiotic prescribing remains common in uncomplicated acute bronchitis in primary care. These findings highlight the urgent need to reduce inappropriate antibiotic use for uncomplicated acute bronchitis, particularly in younger adults.
Materials and Methods

Ethics
The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of Baylor College of Medicine on 20 June 2017 (H-39705).
Setting and Study Population
The study included two private family medicine clinics in a large urban area. Approximately 19,777 patients attend 3248 appointments at these clinics each month. Patients in both clinics are predominantly female (58%) and white (54%). De-identified records were extracted from the Epic Clarity database (electronic health record system). We selected all patients 18 years and older during the period of January 2011-August 2016 who had any of the two International Classification of Diseases, Ninth Revision (ICD-9) codes for acute bronchitis listed as a diagnosis: 466.0 (acute bronchitis and bronchiolitis) and 490.0 (bronchitis, not specified as acute or chronic). Figure 1 shows the selection process used to determine visits with uncomplicated acute bronchitis. antibiotic choice, and duration of antibiotics prescribed, and the relationship between patient characteristics and antibiotic prescribing. We found that young, healthy adults are more often treated with antibiotics for acute bronchitis, despite the national guidelines recommending against this practice. Therefore, this group represents an important target for antimicrobial stewardship. Our findings call for implementation of strategies to reduce inappropriate antibiotic use in adult patients with acute bronchitis. Implementation of a decision support strategy for acute bronchitis reduced the overuse of antibiotics in a recent cluster-randomized trial in primary care [15] . Other proposed strategies for reducing antibiotic prescribing in outpatient settings included provider and patient education, delayed prescribing, and prescribing restrictions [16] . Inappropriate antibiotic prescribing for acute respiratory infections was reduced after clinicians displayed a poster in the examination room that included a letter from the clinician to their patients committing to prescribing antibiotics appropriately [17] . In conclusion, despite national attention to the problem of antibiotic overuse, unnecessary antibiotic prescribing remains common in uncomplicated acute bronchitis in primary care. These findings highlight the urgent need to reduce inappropriate antibiotic use for uncomplicated acute bronchitis, particularly in younger adults.
Materials and Methods
Ethics
Setting and Study Population
The study included two private family medicine clinics in a large urban area. Approximately 19,777 patients attend 3248 appointments at these clinics each month. Patients in both clinics are predominantly female (58%) and white (54%). De-identified records were extracted from the Epic Clarity database (electronic health record system). We selected all patients 18 years and older during the period of January 2011-August 2016 who had any of the two International Classification of Diseases, Ninth Revision (ICD-9) codes for acute bronchitis listed as a diagnosis: 466.0 (acute bronchitis and bronchiolitis) and 490.0 (bronchitis, not specified as acute or chronic). Figure 1 shows the selection process used to determine visits with uncomplicated acute bronchitis. Patient visits were excluded from analysis if they had any of the following additional diagnosis codes for which antibiotics might be indicated: chronic bronchitis, emphysema or COPD, pneumonia, urinary tract infections, sinusitis, pharyngitis, skin, cutaneous and mucosal infections, acne, gastrointestinal infections, otitis media and miscellaneous bacterial infections, as well as visits with chest X-ray orders or abnormal vital signs (temperature >100.4 F, respiratory rate >24 breaths/min, or pulse >100 beats/min) that could be consistent with pneumonia. Presence of immunocompromising conditions (e.g., HIV, active malignancies, and chronic renal failure) was an additional exclusion criterion. Lastly, follow-up visits for bronchitis within 3 weeks of initial visit were excluded in order to prevent duplicating visits of a single episode.
For each eligible visit, we extracted the following variables: patient age, sex, race, date of visit, type of antibiotic prescribed, and duration of treatment. The type of antibiotic was classified as either "narrow-spectrum" or "broad-spectrum". Amoxicillin, cephalexin, trimethoprim-sulfamethoxazole, lincomycin derivatives (clindamycin) were categorized as "narrow-spectrum". Amoxicillin-clavulanate, macrolides (azithromycin, clarithromycin, and erythromycin), 2nd to 4th generation cephalosporins, and fluoroquinolones were categorized as "broad-spectrum".
Statistical Analysis
Descriptive statistics were performed on the general characteristics of acute bronchitis visits, the type of antibiotics prescribed, and duration of treatment in each visit. We studied the trends in the prescribing of antibiotics over the years (2011-2016) using the Mantel-Haenszel χ 2 test for trend. We used the χ 2 test to compare antibiotic prescribing between different patient age groups. Logistic regression analyses were used to determine independent predictors of antibiotic prescribing for acute bronchitis. Factors were regarded as being significant in the regression analyses when they had a p value of <0.05. Analyses were carried out using SPSS (version 24; SPSS, Chicago, IL, USA).
